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ABSTRACT 
Stagnation temperature traverses were performed in the 
supersonic wind tunnel behind the reflected shock wave 
of WMR. This had been suggested, among other obser-
vations, by some earlier puzzling results from shock tube 
experiments. The present findings substantially confirm 
the hypothesis that the reflected shock undergoes a 
transformation which produces a departure from RH 
behaviour. This anomaly is found to result in a small 
drop of stagnation enthalpy across the reflected wave. 
This mechanism raises the r-wave’s ailing streamline 
deflecting capacity. The effect goes on increasing past 
RR till the conditions for onset of WMR can be satisfied. 
 
INTRODUCTION 
This investigation into the phenomenon of shock wave 
reflection pertains strictly to the transition between 
Regular and Weak Mach Reflection (RR and WMR). The 
need to distinguish between two domains has been 
demonstrated by von Neumann (1943). In the measure-
ments presented here, the emphasis is on the neigh-
bourhood of the point of shock confluence. The gas is 
considered to be ideal and inviscid. 
These experiments were performed in the Department of 
Aeronautical Engineering, Sydney University, from 
October to the beginning of November 1997. 
 
A Brief History of WMR 
That the reflection of shock waves in a gas may develop 
some intricacies was first witnessed by Mach and 
Wosyka (1875). That the transition from a two- (RR) to a 
three- shock reflection (MR) pattern presents some 
considerable challenge to explain the observations was 
realised by Weise (1943) and by von Neumann (1943) 
among many others. The results of experiments con-
ducted in the weak domain show an RR-like pattern 
which persists beyond the detachment point and WMR to 
appear with some delay (see L.G. Smith, 1945; White, 
1951; Kawamura and Saito, 1956; Henderson and Lozzi, 
1975 & 1979; Henderson and Siegenthaler, 1980; etc.). 
This narrow irregular two-shock range has occasionally 
been labelled persistent RR (PRR). Only the measure-
ments performed by W.R. Smith (1959) seemingly 
question this observation. Sternberg (1959), Sichel 
(1963) and Sakurai (1964) endeavoured to solve transi-
tion to WMR by invoking either viscosity and/or the 
assumed occurrence of a non-neglectable shock curva-
ture within the vicinity of the triple point, which details 
would induce large downstream flow gradients. 
Very good narrative descriptions of the shock reflection 
problem are provided by Bleakney (1952) and by 
Hornung (1986), while Ben-Dor’s (1992) is a thorough 
treatise on shock reflection phenomena. 
 
Facts, Deductions and Hypothesis 
The motivation for this work stems from the conviction 
that, although great insights in the many facetted aspects 
of WMR have been achieved, the key mechanism which 
governs transition remains obscure. The WMR domain is 
characterised by the fact that the three-shock theory 
yields no answer at and beyond the RR detachment point. 
A search for the reason of the non-existence of a 
Rankine-Hugoniot (RH) based solution reveals that: 
 
- Under the prevailing upstream Mach number, the 
required streamline deflection can no longer be met by 
a classical oblique shock wave. 
- The pressure rise across a nascent Mach stem can not 
match the combined rise across the i- and r-waves. 
 
The classical RH shock theory as applied to RR is based 
on the physical laws of conservation. The solution to 
these equations turns out to be provided by a cubic 
polynomial. Disregarding the physically unrealistic root, 
two real solutions are obtained. The detachment criterion 
is the point where these two solutions coalesce. Beyond 
this, the problem is deadlocked by over-determination, 
which implies that the requirements of conservation can 
no longer independently be fulfilled. 
The intricacy of the dilemma in the weak reflection range 
as opposed to the existence of solutions in the strong 
range has been dubbed the ‘von Neumann paradox’. The 
fact that no persuading theory of WMR has appeared 
since the problem has become known (well over 50 
years) suggests that there must be a missing link in the 
understanding of the physics involved. The observation 
that the RH theory is quite precise in describing RR 
prompts the suggestion that the problem ought to be 
amenable to an inviscid solution. This view had already 
been expressed by von Neumann (1945) as well as by 
Bleakney (1952). 
The taking into account of viscous effects is appealing 
for results from shock tube (ST) experiments because this 
produces a small extension of the RR range and thus 
eases the transition problem. However, it is believed that 
the effect of the negative boundary layer and slipstream 
thickness as introduced by Hornung and Taylor (1982) 
and taken up by Kobayashi et al. (1995) among others, 
whilst well founded, can not fill the gap left open by a 
theory which is deadlocked by over-determination. 
Two crucial observations that have kept inspiring the 
search for an answer to the problem raised by WMR 
ought to be mentioned: 
Firstly, there is one reliable observation which supports 
the idea that the RR domain is extended by an irregular 
two-shock reflection that precedes onset of WMR. The 
RH theory reveals that the sonic point is short by a 
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fraction of one degree (of angle) only of the detachment 
point. However, results from ST experiments clearly 
show this gap to extend several degrees between catch-up 
of the corner signal and transition to WMR (as opposed 
to the detachment criterion, these latter two points are 
easily detectable by schlieren photography). Incidentally, 
it was often thought that the expansion wave catching up 
with the point of shock confluence would weaken the r-
wave. This proves to be erroneous, for it would further 
jeopardise its flow deflecting capacity. In fact the 
boundary condition represented by the surface of a 
reflecting ramp in the ST predominates over the 
susceptibility of the corner signal to weaken the r-wave. 
Secondly, that something quite out of the ordinary is 
taking place was demonstrated by some unconventional 
experiments performed in the ST (Siegenthaler, 1982). In 
these, a plume of helium was injected vertically about 
halfway up along the reflecting ramp into the quiescent 
air. An incident shock wave would propagate through 
this quasi-frozen plume which, being entrained by the 
wake, serves as a tracer for the velocities that prevail 
behind the reflection process. In PRR as well as in 
WMR, the induced plume deformation recorded on 
schlieren photographs reveals that a curling up ‘the 
wrong way around’ occurs behind the r-wave. The 
velocity defect so deduced is strongest adjacent to the 
slipstream that originates wake-side of the r-wave. This 
anomaly rapidly tapers off as the distance normal to the 
plane of the slipstream increases. The He-jet experiments 
furthermore revealed that for WMR, the flow velocities 
on either side of the slipstream surprisingly appear to be 
nearly equal. 
The premise that an irregular two-shock reflection (PRR) 
is intercalated between RR and WMR is thus strongly 
supported by past experimental work. 
Under the circumstance of the deadlocking constraint 
introduced by the rigour of the equations of conservation 
(which are the backbones of the RH theory), which 
constraint is further enhanced by unyielding boundary 
conditions, could it not be that physics opens up a new 
path? This prompts the hypothesis that the r-wave might 
undergo some adaptive transformation in which RH 
behaviour would be increasingly transgressed until a 
point is reached where the conditions for the onset of 
WMR becomes feasible. This however, would imply that 
at least one of the relationships of conservation would 
need to be relaxed. A daunting perspective! 
Remembering that we were primarily hoping to find an 
inviscid solution which would apply to the direct vicinity 
of the point of shock confluence, it is noted that there are 
two more conditions that need to be satisfied by the r-
wave in order for the integrated (and relaxed) equations 
of conservation to be applicable. In this context we 
assume that the shock curvature is well behaved and that 
its character of discontinuity, through which the flow 
changes from supersonic to subsonic speed, is retained. 
A numerical analysis of the equations of concern with 
regards to a potential property which, by giving way 
when under constraint would reflect the known 
experimental observations, lead to the postulate that a 
relaxation of the requirement of energy conservation 
 
- in other words, a drop of stagnation enthalpy - 
 
would go a long way towards explaining WMR. 
At this point, the only way to find the answer was to 
verify the hypothesis by running some experiments. The 
aim was to measure the stagnation temperature behind 
the r-wave. Obviously, such measurements would need to 
be performed under steady state conditions, which meant 
testing in the supersonic wind tunnel (WT). The 
interpretation of the He-jet experiments suggested that 
probe traverses crossing the plane of the slipstream in the 
wake of the shock confluence line would need to be 
performed in order to record the presumed defect. 
Not much data is found in the literature on actual WT 
flow measurements which pertain to the reflection of 
shock waves. Lean (1946) performed Pitot and static 
pressure measurements at the relatively low Mach 
number of 1.375. Unfortunately, his work does not yield 
much information in relation to the present study. 
 
EXPERIMENTAL METHOD 
The Supersonic Wind Tunnel 
The supersonic WT features a test section area of 8 by 9 
inches width and height. This WT is of the blow-down 
type and the air is exhausted through a silencing duct into 
the atmosphere. The compressed air storage consists of 
two pressure vessels of 8,5 m3 each with a max. pressure 
of 1500 psi. Both tanks are pumped up by an Ingersoll-
Rand compressor which is driven by an electric motor of 
200 kW power. It takes approximately 4 hours to fill the 
tanks. The supply pressure is reduced and maintained to 
constant tunnel inlet condition by a control valve. 
Unfortunately, this WT has never been equipped with 
any kind of heater for compensating the drop of 
stagnation temperature that results from the expansion in 
the vessels during operation (drift approx. 0.5 °C/sec). 
The notable feature of this WT is the capability to change 
the Mach number while it is running. This may enable to 
overcome tricky flow conditions such as the exhibition of 
hysteresis. 
With the model described hereafter, the pressure in the 
settling chamber had to be allowed to rise to 35 psig for 
starting (Mach 2.2) in order to get proper flow 
established. This could then be gradually dropped to 
about 25 psig as the Mach number was reduced to 1.85. 
 
The Model Used in the WT 
The model used was of the symmetrically placed double 
wedge type which has the benefit of producing a line of 
shock confluence devoid of solid boundary over most of 
its length. This wedge arrangement generates a mirrored 
shock reflection which is about as ideal a configuration 
as can be produced experimentally for steady state 
observations. Viscous effects playing no significant role 
in this set-up (except for the slipstreams in MR), it 
enables to better concentrate the effort on effects solely 
related to the clean shock reflection process. It is well 
known that orthodox secondary effects may often lead to 
misleading interpretation in that they may overshadow or 
alleviate another phenomenon of importance. 
There is one disruptive effect which was thought needed 
to be properly countered from the start in order to secure 
the best chances of observing that ‘something new’. In 
the strained flow situation which is encountered when the 
detachment point (end of RR domain) is passed, it was 
perceived that the possibility of increased flow ‘spillage’ 
into the lateral dimension had to be forestalled (or 
‘fenced’), otherwise, the effect we are looking for might 
be weakened. 
To undermine such attenuating effect, or in other words, 
to enforce the establishment of a pure two-dimensional 
WMR flow, the two wedges were flanked with side 
walls. The inside surfaces of these walls were parallel to 
the tunnel centre line and their sharp inlet edges lined up 
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with the leading edge of the wedges. The inlet width of 
this ‘cage’, ie. the model, was 101.6 mm while the 
leading edges of the wedges were separated by 97.7 mm. 
This gives an aspect ratio that is slightly over one. 
Although not of critical relevance in our case due to the 
presence of side walls, the effect of this ratio is looked at 
in detail in an interesting study by Skews (1997). The 
ramp of the wedges was 44.5 mm long and ended at a 
convex dihedral corner. From here the inside surfaces of 
the upper and lower wedge plates formed a parallel 
channel which extended over 68 mm. 
The fact that a WT with variable Mach number was 
available simplified the design of the model which could 
thus have symmetrical wedges of fixed deflection angle. 
The actual value of this angle was 12.5°. This provides 
for the theoretical detachment point of the reflection to 
be reached at a Mach number of 1.968 (inverse pressure 
ratio of the incident shock = 0.519). Bearing in mind that 
the theoretical weak/strong shock reflection boundary is 
reached at a deflection angle of 15.145° (with a 
corresponding Mach number = 2.204), it might have been 
more appropriate to use a smaller wedge angle as the 
effect sought would then be more pronounced. However, 
the design difficulties in laying out such a model 
(including probe traversing gear) could become an 
unwieldy enterprise as avoidance of WT choking would 
be arduous. 
The use of side plates introduces one complication. To be 
able to visually observe the flow inside the ‘cage’, these 
plates needed to be equipped with solid windows. In 
order to keep the tunnel blockage as low as possible, the 
thickness of the plates was chosen to be 6 mm. As optical 
grade windows need to have a diameter to thickness ratio 
of around 6/1 to 8/1, this led to a clear view-through size 
of 40 mm diameter. Each side wall was thus equipped 
with 5 windows which were positioned at areas of 
specific interest (see figs. 1 and 2). 
The design of the ‘cage’ demanded some fiddly tuning 
before the expected quality of flow was achieved. 
Furthermore, some hysteresis effect required that the 
tunnel Mach number be set above some critical value for 
starting (2.2 was found to be adequate) and only when 
RR was established, could the Mach number be reduced 
to a value as low as 1.85. At this setting, a well 
developed WMR could be observed. The ‘cage’ was 
designed in 1980 and ran successfully (without any 
additional instrumentation) for the first time in February 
1981. 
 
The Probe and the Instrumentation 
Shapiro (1953), among others, describes the basic layout 
of stagnation temperature probes for compressible flow. 
The probe used by Meier (1970) furthermore inspired our 
design. With the proviso however, that considering the 
means and time available, the miniature size he used, 
though desirable, would have to remain illusive. 
Stainless steel sheathed prime quality thermocouples type 
K (chromel/alumel) of 0.5 mm dia. was used. The tip was 
opened up and the actual sensing wire junction exposed 
over 1.6 mm. The thermocouple was placed inside 
stainless steel tubing of 2.4 x 3 mm diameter. The tube 
end facing the flow was squashed into a wedge forming a 
20° angle. The probe inlet section was thus rectangular 
and had dimensions of 0.7 x 3.2 mm open area. The outer 
contour of the inlet was ground and measured 1 x 3.5 
mm. The sensing wire junction was recessed 2.4 mm 
inside the mouth of the probe. The tricky part was to 
make a supporting guide which would provide for the 
thermocouple tip to be positioned in the centre of the 
probe head. This guide simultaneously had to provide 
passage for bleed air and also to maintain good thermal 
insulation between the sensing element and the tubing 
around it. 
As the ratio of the stagnation pressure in front of the 
probe to the ambient condition would always be over the 
critical value, it was decided to opt for natural venting. 
To this end, the leak-proof probe with the thermocouple 
inside was led out of the WT and venting occurred 
through a pinhole out into the surrounding. Some 
 
 
Fig. 1: Photo of open test section with the ‘cage’. The near side 
plate has been removed for clarity. Note the two probes which 
can be traversed in a vertical plane. 
 
 
Fig. 2: Schlieren photo of flow inside the ‘cage’ showing a 
WMR and with the two probes in their uppermost position. 
Mach No = 1.936. Set-up like case E1 of fig. 5. Duration of 
exposure: 1/30 sec. 
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estimate and comparison with Meier’s (1970) data 
showed that a pinhole of 0.9 mm diameter would provide 
for a flow Mach number of the order of one tenth around 
the tip of the thermocouple wire. 
The free length of the cantilevered 3 mm OD tubing was 
65 mm. It was inserted into and supported by a tube of 
heavier gauge (4.8 mm OD) from the downstream end. 
Two probes were positioned parallel to each other with 
their tips lined up one above the other. The separation 
between them was 16 mm. Both were driven 
synchronously by a traversing mechanism in a vertical 
plane situated in the middle between the ‘cage’ side-
walls. Prior to a run, the upper probe was positioned 8.5 
mm below the centre-line of the ‘cage’ and would then 
traverse the plane(s) of interest formed by the streamlines 
that emerge from the line(s) of shock confluence. The 
lower probe served as reference and would always 
remain outside the zone where a deviation is expected. 
The travel of the probes spanned 17 mm. 
The voltage signals from the two thermocouples were 
each connected to a customised precision measuring 
instrument (Greisinger GTH1300) with digital readout. 
This instrument featured built-in linearising circuitry, 
cold junction simulation and had an analogue output 
giving a signal of 1 mV/°C. The two temperatures plus a 
traverse position signal (which was provided by a 
potentiometer) were fed to a data acquisition system 
LabVIEW by National Instruments. The period between 
two measurements was programmed to be 0.1 sec. The 
set-up provided for a spacing of slightly over 0.1 mm 
between measured points. 
A typical sequence of events for running an experiment 
would proceed as follows: 
The WT starting process would take around 10 sec and as 
soon as supersonic flow was established, the Mach 
number reducing drive would be activated to lower the 
flow velocity to some predetermined value. This would 
typically take 15 sec. When the pre-set Mach number 
was reached, the actual measurements could begin by 
switching on the probe traversing mechanism. This 
would need a further 15 sec upon which the WT control 
valve could be shut. All in all, one probe traverse could 
be accomplished in about 45 sec and the next run could 
take place 1.5 hours later. 
 
DISCUSSION of the RESULTS 
Figure 3 shows a pair of typical temperature signals as 
recorded at one Mach number setting. The trace Ttrav is 
provided by the upper probe which traverses the stream-
lines of interest while the trace Tref is from the lower 
probe which always remains outside where no deviation 
is expected. In order to circumvent the slope and the 
noise of the signals, the difference Tdiff = Ttrav - Tref is 
used as ‘cleaned up’ representation of the stagnation 
temperature. The unexpected coarse ‘noisiness’ of the 
signals is thought to be caused by the asymmetry in the 
layout of the feeder pipes from the two pressure vessels 
which supply the WT. It is believed this generates an 
inherent instability in the discharge process. Although 
there appears to be some differences in the output 
characteristics of the two probes, the peaky excursions of 
the two signals have the side benefit that, by comparing 
their traces, they provide us the confidence that their 
response time is ample. 
The Tdiff trace of figure 3 looks very promising indeed. 
It shows two troughs which are separated by an amount 
that about corresponds to the distance between the two 
slipstreams of the WMR as observed. 
On figure 4, a series of seven Tdiff traces from separate 
runs are shown. The Mach number of each trace is 
reduced stepwise. The table below the diagram indicates 
the details of each setting. The Mach length is the actual 
length of the Mach stem (as seen on a simple shadow-
graph), while the distance shown is taken from the probe 
tip to the point(s) of shock confluence. The trace A is 
clearly a RR, while trace B, although a 0.2 mm Mach 
stem is indicated, is more likely to have been ‘seen’ in 
the PRR range by the probe which is situated in the 
centre of the ‘cage’. Run B at M = 1.979 shows that the 
actual detachment point of RR appears to be reached 
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Fig. 3: Typical stagnation temperature signals in function of the 
traversing position. The sloping traces are the actual probe 
measurements. The trace along the abscissa is the cleaned up 
difference. The setting is that of E1 in fig. 5. 
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A
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G
Fig.4: Stagnation temperature at various Mach numbers. Note: 
the vertical scale is given by the full height of the frame which is 
equivalent to 11°C. The details are listed in the table below 
where length and distance are in mm. 
 
Run No. A B C D E F G 
Ma No. 
Ma Length
Distance 
2.072
0 
(45) 
1.979
0.2 ?
21.6 
1.965 
0.95 
22.9 
1.947 
1.92 
24.6 
1.937 
2.45 
25.5 
1.907
4.04
27.8 
1.880
5.45
29.7
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earlier (ie. at a slightly higher Mach number) than the M 
= 1.968 predicted by theory. This is caused by the 
boundary layers which produce a slight convergence of 
the streamlines inside the ‘cage’. This observation 
suggests that the PRR range is relatively narrow. 
The traces C to G are all situated in the WMR range in 
order of decreasing Mach numbers. While runs B to D 
each exhibit a single temperature trough, the splitting 
into a double trough in runs E to G as the length of the 
Mach stem increases is neatly demonstrated. The reason 
for runs C and D to display a single trough despite being 
in WMR, is thought to be caused by turbulent mixing 
that occurs as the separation between the slipstreams is 
less than 2 mm and the probes are situated a fair way 
down (23 mm) behind the Mach stem. As the Mach 
number is reduced, the resulting spreading of the troughs 
is a witness to the growing Mach stem. Simultaneously, 
we notice how the depth of the troughs diminishes. 
Though not visible on our photograph (fig. 2), it is 
known that the wake flow of the Mach stem forms a kind 
of sonic nozzle whose ‘walls’ are made up of the two 
slipstreams. Within this nozzle, the flow re-accelerates to 
sonic velocity. The convergence of the streamlines 
emerging from the Mach stem thus enables a reduction of 
the deflection required through the r-wave as the incident 
flow Mach number drops and the stem grows. Whence a 
lessening of the departure from RH behaviour through 
the r-wave as the Mach number is reduced. 
The fact that the stagnation temperature measured behind 
the Mach stem is about the same as outside the zone of 
RH deviation (see runs F and G) confirms the accuracy 
of our measurements. 
The quality of these clear-cut results is amazing as they 
genuinely reflect what had been expected. A theoretical 
estimate pointed to a drop of stagnation temperature 
somewhere between 1 to 2 % (which is 2.7 to 5.4°C) at 
the PRR to WMR transition. This is where the effect is 
believed to be strongest (the exact value depends on how 
the new variable is tied up into the classical equations). 
The trough in trace C represents a measured drop of 
about 1.6°C. Considering that the real departure might be 
quite peaky next to the point of shock confluence and 
that this would get averaged out to some extent, the 
results are considered to be quite gratifying. Among the 
peak smearing effects, we see three causes: 
 
-  The finite size of the probe tip. 
-  Diffusion by turbulent mixing within the slipstream 
   that increases with distance. 
-  Flow instability which produces some unsteadiness in 
   the location of the point(s) of shock confluence. 
 
These effects are demonstrated in figure 5 where three 
traverses are recorded at the same Mach number but with 
the probes positioned at different distances downstream 
of the Mach stem. 
It certainly looks like the anomaly in the stagnation 
enthalpy which has been observed here does extend 
beyond the thickness of the slipstream. These results 
have nothing in common with those of Glassman and 
John (1959), for they reported observing an overshoot 
along the centre line of an exhausting jet. 
Unfortunately, there is one detail of significance which 
remains hidden on figure 5. The symmetry of the 
temperature troughs of trace E1 looks too regular. When 
moving closer to the Mach stem, the trace ought to 
display some skewness as the drop of temperature is 
expected to occur only behind the r-wave with a peak  
24 28 32 36 40
Probe Position (mm)
E1
E2
E3
Fig.5: Stagnation temperature recorded at 3 distances behind 
Mach stem for M = 1.936. Distance E1 = 10.6, E2 = 25.5, E3 = 
51 mm. Length of Mach stem = 2.5 mm. Note: the vertical scale 
is given by the full height of the frame which is equivalent to 
5°C. 
 
adjacent to the slipstream. May be the disruptive effects 
mentioned above are yet predominant at the distance of 
traverse E1. The use of a smaller probe and a further 
reduction of the distance to the Mach stem might reveal 
those finer details. Alternatively, a cross-verification in 
the strong domain, where no similar anomaly should be 
observed, would settle that point. 
Notwithstanding this shortcoming, the results suggest 
that thermodynamic equilibrium is being achieved 
immediately behind the r-wave and therefore the drop of 
stagnation enthalpy takes place within the shock 
thickness. The r-wave thus retains its aspect of 
discontinuity in the flow. 
Furthermore, the observations prompt the suggestion that 
when the requirements of conservation are hard pressed 
past the limit beyond which they may no longer be 
globally fulfilled, it is the energy relation that is the least 
robust and is being transgressed in order to give way to 
the overriding flow boundary conditions. The fact that it 
is the energy relation which gives way may be 
interpreted as being ‘forced on’ by Newton’s law of 
momentum conservation which itself remains robust. 
As alluded to in the second part of the introduction, a 
relaxation of the classical law of energy conservation, in 
terms of a drop of stagnation enthalpy, produces an 
extension of the flow deflecting capacity of an oblique 
shock wave. The investigation of the proposed 
hypothesis therefore appears to be experimentally 
demonstrated. The effect discovered depicts the process 
through which the r-wave accommodates to the boundary 
conditions beyond RR, and thus doing, levels the way to 
the establishment and growth of WMR. The mechanism 
of the transition from RR to WMR is thus one big step 
closer to being unravelled. 
No speculation is offered as to the nature of the drop of 
enthalpy reported on here. Whether conservation of 
energy is actually being violated, or whether the missing 
energy ‘is being concealed’, or ‘goes into something 
else’, etc. represents the kind of new issues raised. The 
answers remain open. 
Although this investigation is centred around ideal and 
inviscid gases, it is believed that this phenomenon is not 
restricted to this class of fluids. The repercussions of 
these findings on detonation waves for example, should 
be of utmost interest. 
Finally, with regards to producing a ‘clean’ WMR, it 
appears that this needs to be promoted in some way. It 
seems that the effect discovered presents a greater 
resistance to taking place (as if there was some organised 
hierarchy) than do other more orthodox 
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mechanisms (like escape spillage of flow into the lateral 
dimension) which, if not restrained, would alleviate the 
constraints imposed by the boundary conditions. The 
design of the ‘cage’ precluded any weakening of the 
effect from taking place. 
 
CONCLUSIONS 
This investigation reveals the existence of a narrow 
reflection domain which is situated between RR and 
WMR. What is fundamentally new, is to have demons-
trated experimentally that past the detachment point of 
RR, the reflected shock wave experiences a departure 
from RH behaviour. The nature of the digression from 
classical shock wave theory appears to translate in a drop 
of stagnation enthalpy. A relaxation of the requirement of 
energy conservation extends the flow deflecting capacity 
of the reflected wave and thus opens the way for the 
onset of WMR. The boundary conditions take on a 
predominant character and may be visualised as imposing 
this unexpected result. These findings raise a number of 
new questions of fundamental nature. 
We propose to change the name of this irregular two-
shock reflection pattern from persistent- to Pseudo-RR 
(PRR), for it is indeed far from being a RR. It could well 
be imagined that the flow phenomenon, which we have 
endeavoured to describe, could open a new dimension in 
gas dynamics. 
It is hoped these results should also serve the purpose to 
demonstrate that experimental work in laboratories ought 
never to be underestimated and even less be neglected. 
To the best of our knowledge, this is the first time the 
phenomenon discovered and described here is being 
reported on. 
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